Irradiated seeds of Phaseolus vulgaris cv. Rajmah using Synchroton X-Ray Beam (BL-07) at RRCAT, Indore at various doses in the range of 0.5 -10 Gy were used to raise the seedling and the growth status at different stages was evaluated. Prior to germination, in the seeds soaked for 24 hours, the water regain remained unaffected by seed irradiation at 1 -10 Gy doses, while the acid phosphatase activity was significantly reduced. Strong correlation (R 2 = 0.685) between irradiation dose and enzyme activity also resulted. Analysing seed irradiation effect on seed development up to 4 days, % germination, germination index (GI), seedling wt, and seedling vigour were non significantly decreased at 5.0 Gy dose. The overall growth of 10 days old seedlings raised from irradiated seeds was substantially reduced at irradiation doses of 2 and 5 Gy exerting strong −ve correlation. Also % germination and seed vigour index (SVI) were prominently decreased due to seed irradiation. The nitrogen status of the seedlings, reflected by nitrate reductase activity (NRA) was significantly reduced in response to irradiation exerting strong correlation. The results demonstrate decreased phosphate mobilization in soaked seeds, time dependent decreased growth being more substantial with longer duration and reduced nitrate assimilation due to seed irradiation with Synchroton X-Ray Beam.
Introduction
Ionising radiation occurs naturally and the plants are exposed to different types of radiation in the terrestrial environment. Significant sources of variation in radiation include altitude, relative abundance of radioactive isotopes in soils and nuclear accidents. Plant exposure to ionizing radiations in the vicinity of nuclear accidents to influence growth and development has been reported [1] . Phaseolus vulgaris (French bean or common bean) is an important and popular legume crop grown for green vegetable and dry seeds. It is valued for its high protein content (23%) and is also rich in calcium, phosphorus and iron. Growth and development of the plants is initiated with germination of the seeds. Use of reserve nutrients of seeds during germination plays a key role in growth. Thus, phosphate mobilization involving acid phosphatase is of importance, as it is induced with germination [2] [3] . Nitrogen is one of the limiting nutrients for the plant growth and development, with assimilatory nitrate reduction as an important process for its utilization. Nitrate reductase (NR, EC 1.6.6.1), the key enzyme of this pathway, is substrate inducible being regulated by a number of nutritional and environmental factors [4] . Further, NR is often correlated with the overall nitrogenous status of the system and has been reported to be involved in the synthesis of a signaling molecule, nitric oxide (NO) [5] . Although reduced leaf growth parameters, such as leaf area, dry mass, pigment content etc. upon irradiation of dwarf bean plants to x-radiations, have been reported [6] , the synchroton x-ray irradiation affecting growth has not been reported yet. In this study, the effect of x-ray exposure of Phaseolus vulgaris seeds on phosphate mobilization in soaked seeds, overall growth and nitrate assimilation in seedlings has been studied. The seeds were exposed to various energies at BL-07, Indus-2 for monitoring the effects.
Material and Methods
Seeds of Phaseolus vulgaris cv. Rajmah purchased from Pahuja Seeds, New Delhi were irradiated by using Indus-2 Synchroton X Ray Beam (BL-07) at RRCAT, Indore in the dose range of 0.5 -10 Gy. The x-ray lithography beam line (BL-07) is primarily used for x-ray irradiation of polymer samples for microfabrication purpose [7] . As shown in Figure 1 , for seed irradiation total 100 seeds were packaged without any overlapping in polythene bag of size 30 mm × 50 mm and exposed to x radiations in air and at room temperature ~25˚C using 6 -11 keV x-ray energy range. Irradiated seeds were surface sterilized with 0.1% HgCl 2 for 1 -2 minutes followed by thorough washing with distilled water. To evaluate the effects of irradiation, the seedlings were raised in petri plates for 4 days or in plastic pots containing acid washed sand for 10 days in continuous light supplied by fluorescent tubes. Seedlings from respective doses were used for analysis of various growth parameters, such as, % germination, seedling wt, root and shoot length and root and leaf wt. Percent germination was calculated by the formula Number of seeds germinated 100
Total number of seeds %G × = Weight measurements were carried out by using electronic balance and lengths were measured with cm scale. Water regain was calculated as
Weight of soaked seeds Weight of dry seeds Water regain
Weight of dry seeds = − Acid phosphatase activity in the soaked seeds was extracted and assayed by measuring p-nitrophenol (PNP) spectrophotometrically at 410 nm according to the method of Prazeres et al. [2] . Whole seedling sample was homogenized in 5 ml of 0.1 M sodium acetate buffer (pH 5) in cold room. The homogenate was centrifuged at 10,000× g using "REMI C-24 Plus" at 4˚C for 20 min. The reaction mixture in final volume of 2 ml containing 100 mM sodium acetate buffer (pH 5), 5 mM PNPP as substrate and enzyme was incubated at 37˚C for 5 min and 1 ml of 1 M NaOH was added to the reaction mixture. The amount of p-nitro phenol (PNP) released was estimated by measuring absorbance 405 nm using a double beam spectrophotometer "Shimadzu UV-1800". The enzyme activity was expressed as µmoles PNP min −1 g −1 fr wt and µmoles PNP min
protein. The activity of enzyme was calculated by using a standard series of p-nitro phenol in the range of 0.02 to 0.2 µmoles prepared in similar manner.
In vivo NRA of the leaf material was assayed by colorimetric estimation of nitrite by the method of Srivastava [8] . Whole shoot/root system of the seedling was cut into small segments and suspended in 10.0 ml of incubation mixture (composed of 8.0 ml of 0.1 M phosphate buffer, pH 7.4; 1.0 ml of 0.2 M KNO 3 and 1.0 ml of 25% isopropanol) inside a tightly stoppered dark vial. The reaction mixture was incubated in dark for 30 min at 30˚C. After incubation the mixture was decanted and assayed for nitrite content. For this, 2.0 ml of acidic sulphanilamide (1% in 1 N HCl) was added to 2.0 ml of the incubation medium followed by addition of 2.0 ml NED (0.02% in distilled water). After 10 minutes, developed pink colour was read for absorbance at 540 nm using a double beam spectrophotometer "Shimadzu UV-1800". The enzyme activity was expressed as nmoles of nitrite formed h −1 g −1 fr. wt. Nitrite content was calculated by using a standard series of NaNO 2 (10 to 100 nmoles) prepared in a similar manner. 
Results and Discussion
Seed irradiation at 1 -10 Gy doses had no effect on water regain capacity of the seeds soaked in excess of distilled water for 24 h, but significantly reduced the total acid phosphatase activity exerting a strong -ve correlation with R 2 value of 0.685 (Table 1) . However, decrease in specific activity was not significant though a strong −ve correlation with R 2 value of 0.725 was observed.
Seed irradiation at doses 0.5, 2.0 and 5.0 Gy affected % germination, germination index, seedling wt and vigour in 4 days old bean seedlings depending upon the dose. All these parameters remained unaffected at 0.5 Gy but reduced at 5 Gy with most prominent effect for seedling vigour (Table 2) . However, at 2.0 Gy dose, % germination and germination index were increased, seedling wt was decreased and seedling vigour remained unaffected. Synchroton X-ray irradiation of the seeds at 2 and 5 Gy doses substantially reduced the overall growth measured as % germination, shoot and root length, total length, seedling vigour index (SVI), root and leaf wt in 10 days old seedlings, however, at 0.5 Gy dose, these parameters were marginally affected except % G and SVI (Table 3 (a) and Table 3 Plant exposure to ionizing radiations in the vicinity of nuclear accidents to influence growth and development has been reported [1] . In the present study, impact of x-ray exposure using Phaseolus vulgaris seedlings has been investigated. Although using diagnostic doses of x rays accelerated growth of Phsaeolus vulgaris [9] and increased root length at 0.05 -15 Gy and leaf wt at low doses in Table 3 . (a) Effect of seed irradiation on long term growth of the seedlings. Twenty five seeds each of irradiated doses were raised in plastic pots containing acid washed sand for 10 days in continuous light and growth of the developing seedlings measured as % germination, shoot, root and total length and SVI was analysed; (b) Effect of seed irradiation on long term growth of the seedlings. Twenty five seeds each of irradiated doses were raised in plastic pots containing acid washed sand for 10 days in continuous light and growth of the developing seedlings measured as root wt, leaf wt and nitrate reductase activity was analysed. date palm [10] have been reported, in the present system morphological and biochemical growth parameters were reduced by irradiation of the seeds prior to seed development. Further, the effect depended on the growth parameter, irradiation dose and developmental stage of the seeds. Thus, phosphate mobilization during seed growth is prominently affected by irradiation, as the acid phosphatase activity is reduced at 1 -10 Gy doses (Table 1) . Increased acid phosphatase activity during germination in maize and soybean has been reported [2] [3] . At later stages of development the severity of irradiation effect on growth is more in 10 days old seedlings than in 4 days old seedlings. With younger seedlings the mass, % germination, GI and seedling vigour were non-significantly decreased at 5 Gy dose only, while in older seedlings, % germination, lengths, tissue masses and SVI were significantly reduced and exerted strong correlation also ( Table 2 , Table 3 (a) and Table 3 (b)). However, in the study using date palm X-ray exposure in the range of 0.05 -15 Gy decreased % germination, but increased root length [10] . Availability of nitrogen is an important factor limiting plant growth and development. The major inorganic form utilized by the plant is nitrate. Nitrate reductase catalyses the first and rate-limiting step of nitrate assimilation in fungi, algae and higher plants [11] and often limits plant productivity. Environmental stresses also influence the enzyme activity depending upon the plant species, organ and the causative factor. The effect of x-ray irradiation on NRA has not been reported yet. Though the increased expression of Ribulose bis phosphate carboxylase and decreased expression of poly (ADP-ribose) polymerase in response to irradiation of dwarf bean plants by x-radiations has been reported [6] . In the present investigation, the nitrate reductase activity of the developing leaves was reduced significantly with perfect correlation in response to irradiation (Table  3) . NRA reflects the overall nitrogen status of the plant and high activity may also indicate the involvement of NO signaling. Hence it is likely that in developing leaves in response to irradiation, the process of nitrate assimilation is reduced, but NO signalling is not involved. However, increased NRA and reduced growth of the seedlings upon irradiation and saline stress has been observed (Unpublished data) and suggested the involvement of NO mediated effect, as NR has been reported to mediate the synthesis of NO [5] . Moreover involvement of NO signaling in response to salinity stress has been suggested in bean seedlings based upon reduced growth and increased NRA [12] .
Conclusion
The effect of seed irradiation on growth of the seedlings depends upon the growth status. In the seeds soaked, seed irradiation significantly reduced the acid phosphatase activity with strong correlation between irradiation dose and enzyme activity. In 4 days old seedlings, growth parameters were non-significantly decreased at 5.0 Gy dose only, but in 10 days old seedlings, the overall growth was substantially reduced at 2 and 5 Gy doses. The nitrogen status of the seedlings, reflected by nitrate reductase activity was significantly reduced in response 
